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Gels derived from extending grafted centipede polymers and polypropylene 



(57) The present invention teaches a method for 
enabling the formation of a high damping, soft polymer 
gel. The method includes: reacting a poly(aikenyl ben- 
zene-co-maleimide) polymer with a maleated poly- 
alkylene and an alkyl diamine under substantially dry 
conditions sufficient to form a polyalkylene grafted 
poly(alkenyl benzene-co-maleimide) polymer product; 
and, dispersing the polyalkylene grafted poly(alkenyl 
benzene-co-maleimide) polymer product with an 
extender oil sufficient to form the gel. The present inven- 
tion also contemplates a polymer gel composition, a 
polymer composition and an article manufactured from 
the polymer gel composition. 
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Description 

FIELD OF THE INVENTION 

[0001 ] This invention relates to the production of pofyaikylene grafted poly(alkenyl benzene-co-maleimide) polymers 
and to the use of such polymers when oil extended in producing high damping, soft materials. 

BACKGROUND OF THE INVENTION 

[0002] The polymerization of styrene and maleic anhydride by free radical initiation is well known in the prior art. Sim- 
ilarly. poly(styrene-co-maleic anhydride) polymer is well known. Further, imidization between a maleic anhydride and a 
primary amine group is a commonly known chemical reaction. Patent publications which have recognized these reac- 
tions include: German Patent DE 4241538, assigned to Leuna-Werke A.-G; Japanese Patent JP 94248017, assigned 
to Monsanto Kasel Kk.; and, Italian Patent EP 322905 A2. assigned to Montedipe S.p.A. Various other non-patent pub- 
lications have also recognized these reactions. Included among them are: L.E Collernan, Jr., J.F. Bork, and H. Donn, 
Jr., J. Org. Chem., 24, 185(1959); A. Matsumoto, Y. Oki, and T. Otsu, Polymer J., 22 (3), 201(1991); L. Haeussler, U. 
Wienhold, V Albricht, and S. Zschoche, Themochim. Acta 277, 14(1966); W. Kim, and K. Seo, Macromol. Rapid Com- 
mun., ]Z 835(1996); W. Lee. and G. Hwong, J. Appl. Polym Set. . 59, 599(1996); and, I. Vermeesch and G. Groeninckx 
J. Appl. Polym Sci.. 53, 1356(1994). 

[0003] The synthesis of monofunctional N-alkyl and N-aryl maleimides are also well known in the prior art. They have 
been extensively used to improve the heat stability of homo- and especially copolymers prepared from vinyl monomers. 
Typically, the bulk resins comprise ABS (poly(aciylonitrile-co-butadiene-co-styrene)) or a polyblend of poly(acrylonitrile- 
co-butadiene) and poly(styrene-co-acrylonitrile); PVC (polyvinyl chloride)); SAN (poly(styrene-co-acrylonitrile)); 
PMMA (poly-(methyl methacrylate)); and the like. The maleimides can be copolymerized with other monomers such as 
acrylonitrile, butadiene, styrene, methyl methacrylate, vinyl chloride, vinyl acetate and many other comonomers. A 
more preferred practice in the industry is to produce copolymers of maleimides with other monomers such as styrene 
and optionally acrylonitrile and to Wend these with ABS and SAN resins. In any event, the polymer compositions are 
adjusted so that the copolymers are fully compatible with the bulk resins (e.g. , ABS and/or SAN) as shown by the pres- 
ence of a single glass transition point (T(g)) as determined by differential scanning calorimetry (DSC). 
[0004] It has long been recognized that two or more polymers may be blended together to form a wide variety of ran- 
dom or structured morphologies to obtain products that potentially offer desirable combinations of characteristics. How- 
ever, it may be difficult or even impossible in practice to achieve many potential combinations through simple blending 
because of some inherent and fundamental problem. Frequently, the two polymers are thermodynamically immiscible, 
which precludes generating a truly homogeneous product. This immiscibility may not be a problem since often it is 
desirable to have a two-phase structure. However, the situation at the interface between these two phases very often 
does lead to problems. The typical case is one of high interfacial tension and poor adhesion between the two phases. 
This interfacial tension contributes, along with high viscosities, to the inherent difficulty of imparting the desired degree 
of dispersion to random mixtures and to their subsequent lack of stability, giving rise to gross separation or stratification 
during later processing or use. Poor adhesion leads, in part, to the very weak and brittle mechanical behavior often 
40 observed in dispersed blends and may render some highly structured morphologies impossible. 

[0005] It is particularly desirable to prepare a grafted copolymer having the impact strength of polypropylene and the 
elastomeric properties of a block copolymer. It is also desireable to add an extender or plasticizer to the resultant 
grafted copolymer in order to obtain a copolymer having a low Shore A hardness. 

45 OBJECTS OF THE INVENTION 

[0006] Accordingly, it is an object of this invention to provide an oil or low molecular weight component extended 
grafted "centipede" polymer of a maleated polypropylene and a poly(alkenyl benzene-co-maleimide) that is useful in 
producing high damping and soft materials. 

[0007] More specifically, it is an object of this invention to provide a grafted centipede polymer formed by reacting 
maleated polypropylene and a poly(alkenyl benzene-co-maleimide) with a diamine. 

[0008] Another object of the invention is to provide oil or low molecular weight component extended grafted centipede 
polymers that exhibit improved properties, including low Shore A hardness less than 35, high damping properties and 
a service temperature of about 1 00°C. 
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SUMMARY OF THE INVENTION 

[0009] The present invention is directed to an oil or low molecular weight component extended grafted poly(alkenyl 
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66 M^ e "!!; m ! l t mide) ^ 0lyPr0Pylene PO,ym6r 60,1 961 com P°sition having damping properties useful in producing 
molded products having heat resistance and a high elasticity and damping property. 

[0010] The present invention is broadly directed to grafted polymer compositions of a maleated polypropylene and a 

b Z Zen ?' C °' maieimide) ^ 3 diamine " iS further directed to a P™»* 'or preparing an oil 

extended grafted polymer compositions broadly comprising a maleated polypropylene grafted to a functional ther- 
moplastic material, namely a po.y(a.kenyl benzene-co-male.mide). under conditions sufficient to permit grafting of the 
f'yP^lene with the functionated thermoplastic material. The grafted po.ymer is a glass-like materia, 
that becomes a soft and rubber-like elastomer after being oil-extended. 

DETAILED DESCRIPTION OF THE INVENTION 

[0011] The extended grafted polymer gels of the present invention contain: 100 parts by weight of a grafted polymer 
SL a ££E be "«ne-co-maleimide) having at least one maleated polypropylene segments grafted thereto through 

Sht StTnnn 'Tk °! 3 Cross,inkin 9 reaction with a diamine grafting agent; and at least 30. pref- 

erably 30 to 1000. parts by weight of an extender such as an oil or a low molecular weight component 
[001 2] The poly(alkenyl benzene-co-maleimide) is a "centipede" polymer formed by imidizing a polyfalkenyl benzene- 
co-ma e,c anhydride) with a primary amine. The "centipede" polymer has a high molecular weight spine connected with 
many My short side chains formed from the addition of the primary amines. The length of the main chain usually 
equals or is longer than the entanglement length, which is herein defined theoretically as an order of magnitude of 100 
repeating unrts. while the length of the side chains is much smaller than the entanglement length 

Preferred alkenyl benzenes contributed monomer units of the poly(alkenyl beazene-co-maleimide) "cen- 
tipede polymer are either styrene or alpha-methylstyrene. The terms "alkenyl benzene" and "vinyl aromatic" are under- 
stood to be interchangeable as used herein. 

[0014] The poly(alkenyl benzene-co-maleimide) described herein are subsequently graft-reacted through a difunc- 
l™n ^ZZl ? T m t0 u a i ma,eated Po'VPropylene to yield a grafted polymer having at least one polypropylene 
segment grafted thereto through the at least one functional linkages thus formed 

[001 5] The ma'eated polypropylene may be any of the conventionally known polypropylene compounds that are sub- 

t^nZ Xr^T ? kn ° Wn in the 3rt ™ e P°'yP ro Py |e " e grafted segment or segments have molecular 

weights Mv, of about 1 0.000 up to about 10.000.000. or higher, preferably about 20.000 to about 300 000 
[001 6] The a-ystall.n,ty. or tacticity. of the polypropylene may vary from being substantially amorphous to being com- 
ply crystalline, mat ,s from about 10-100% crystallinity. Most typically, because of the extensive commercial use of 
isotactic polypropylene, the grafted polypropylene will be substantially crystalline, e.g.. greater than about 90% Gener- 
ally, the polypropylene is substantially free of ethylene. However, under certain circumstances small amounts of ethyl- 
ene, on the order of less than about 10% by weight, may be incorporated Furthermore, in certain instances the 
polypropylene conta.n small amounts of ethylene in copolymers known as "reactor copolymers". Thus it is within the 
scope of the invention that the grafted polypropylene contain minor amounts of ethylene, both as part of ethylene-pro- 
pylene segments and as polyethylene segments. 

[0017] Polymerization conditions for the preparation of polypropylene are well known in the art Propylene can be 
polymenzed into isotactic polypropylene in the presence of stereo-specific Ziegler-Natta catalyst systems comprising 
compounds of the transition metals of Groups 4 to 6 and 8 of the Periodic Table of elements, preferably titanium com- 
pounds, most preferably titanium halides, and organometallic compounds of elements of groups 1 to 3 of the Periodic 

J^kTT y TT m a ! ky,S ° r a ' Uminum a ' M haHdes lllustrative examples include titanium trichloride, titanium 
tetrachlor.de as catalysts and tnethylaluminum and diethyl aluminum chloride as cocatalysts. These transition metal 

M,S y L S rf Tr? " » S " on ^ up P° rted or supported, for example, silica gel, or metal oxides and dihalides. such as 
MgO. MgCI 2 , ZnCI 2 . etc. Such systems can be reacted together and can be complexed with a variety of Lewis-base 
electron donors. 

[0018] Molecular weight control is typically achieved by the incorporation of hydrogen via a feed stream into the 
polymerization reactor. The hydrogen is added at about 0 to 30 mole % based on the total monomer. The polymeriza- 
l^nlZ I coquet* a «™ding to the slurry method employing an inert hydrocarbon diluent or liquid 

propylene as the veh.de. The polymerization temperature can be in the range of about 50»C to about 100'C and is pref- 
erably at a range or about 60'C. to about 80* C Polymerization pressure can also vary over a wide range and is not 
tn % n™ ll ? ■ ^ e V 6 *™™*™ P ressure can for example be in the range from between atmospheric pressure 
to 37,000 KPa. Such procedures and components are only illustrative of the knowledge in the art with respect to poly- 
propylene polymer.zat.on. any are contemplated as useful within the scope of the invention. For general review of liter- 
ature and Patents <n the art see "Olefin Polymers (Polypropylene)" in the Kirk-Othmer Encyclopedia of Chemical 
Technology, 3rd Edition v. 16. 453-469 (J. Wiley & Sons. 1981 ). ^nemica. 
[001 19] The itemization of the polypropylene compound to maleated polypropylene is conveniently accomplished by 
heating a blend of polypropylene and ethylenically unsaturated carboxyl group-containing compounds, e.g.. maleic 
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anhydr.de wrth,n a range of about 150" to 400' C. often in the presence of free-radica. initiators such as organic per- 
oxdes that are well-known ,,n the art. Free-radical grafting of the carboxyl group-containing compounds onto thTpot- 

inTs^r^^n ^ TZ, " ^ P °' ymerS are we,, - known in *J art as i.lustrated interna 

TJt 3,480.580. 3.481.910. 3.577.365. 3.862.265. 4.506.056. and 3.414.551 the disclosures of which are 

5 mcorporatec I here.n by reference. Such processes are well-known in the art. for example, an ind£^„u™£ Zl 
descnpton of the process ,s found in Y Minoura. M. Ueda. S. Mizinuma and M. Oba. j AppliS Polymer ScT 1 625 
(1 969). The use of heat and/or physica. shearing optionally with the free-radica. initiators. inS^uSn as exfrud 
ers. mas .cators. and the hke. to simultaneously accomplish controlled degradation in molecular vSgM of thfpoCo- 

„ P ^ZZT B 9raffin9 * anhydride ' as is kn ™ in •» ««■ ^ usefu. in accoTd^e 

[0020] I In particular .it is preferable to conduct the maleinization with such amounts of maleic anhydride and free-rad- 
,ca. gators and under conditions of temperature and shearing such that free-radicaJ sites on tZ po^Zv^e lt 
formed substantially at the time of scission of the po.ypropy.ene chains and are formed at the po^ oS sdssion 
The male.c anhydnde ,s then grafted onto the scissioned end of one side of such broken chains Tn thinner *e 
o! SIT ' OCa ^™f * * the ends of the ma.eated polypropylene chains, and to^ZSZX 
IfH Polypropylene cha.ns contain one site of maleinization This procedure permits grafting <rf the 

maleated polypropylene at rts maleated end to the maleated block copolymer though the use of a difunctfonanink^ c o* 
graftmg agents hav.ng two functional groups each functional group being reactive with a maleate groups tne poZo 

than one ma.ea ed block copolymer polymer chain or at more than one site of one or more maleated block copolymer 
The same substantial chemistry applies to the centipede polymers of the present invention copolymer, 
nf r^°H ^ **** free - radical M <* « preferably used and will typically be utilized in an 

to oTv^ l Tthtol, •°, Wt % ' fr ° m about 0 02 to 0 5 * % ' and most P^rably from about 0.04 

to 0.3 wt. A of the total polypropylene, and solvent if used, and will be added first. The mixture is then heated to a tem- 
perature at or about the known decomposition temperature of the selected free-radica. initiator, concu^y w* any 
opt,ona, mechan-ca, sheanna The ma.eic anhydride is subsequently added in an amount typically from aboJ Z 01 to 

OO22T Th^ ^ *"* ? 1 t0 5 ^ % - ^ m08t Preferab,y *»* 0 75 to 2 % ° f the total polypropylene 
[0022] The maleated polypropylene of this invention contain from about 0.01 wt % incorporated maleic anhydride 
based upon the we,ght of the ma.eated polypropylene, up to about 5 wt. %. Preferably the maleic anhydride cTnten t wni 
be from about 0.01 to about 2 wt. % . most preferabfy about 0.03 to about 0.2 wt. %. As wil. be apparei unre^Xr 
propylene wtll also be present in the reaction mix as will minor amounts of reaction by-productT such as decomposed 
free-rad.ca. »r compounds and low mo.ecu.ar weight free-radica. products. These by-products are substenS 

.TinTh^ Ti t aa 6 9 • SPar9,n9 n ' tr09en ° r WaShi " 9 With water anhydrL may nS 

™1£1T P0 ' ymer WithOUt detrimental affecte 0" the subsequent reaction of the po.y(ma.eim de 

co-alkenyl benzene) with the maleated polypropylene. 

[0023] The Poly(alkenyl benzene-co-maleimide) of the present invention is formed by reacting a polyfalkenylbenzene- 

oSrerundrsrh?!! 1 1 T ab °r 00 ° C l ° ^ 250 ° C and fr ° m *«* *°« to abLs > atmos- 

£22^ fubstanbally dry condrtons in the presence of a primary amine.The present invention is preferably 

<o «S a 3 SEES? S " 0nS 01 3 PO, ^ e — la ^> ^ * «*» a po.yestyrene-co-maL an^ 

[0 fJ., f or Purposes of this invention. poly(alkenyl benzene-co-maleimide) and poly(alkyl benzene-co-maleic 
anhydnde) are def,ned to encompass random and stereo-specific copolymers, including ^polymers havfr,g aSrnSno 
alkeny. benzene and ma.eimide or ma.eic anhydnde contributed monomer units along the polymer backbone Such 

^ tyPiCal,y deSCTibed 35 P 0 '^'^ ben 2 ene-a/ f -ma.eimide) and polypi benzene a^maSc 
anhydnde); however, these polymers are encompassed herein within the descriptions polygeny, benzene co™H 
imrie) and poly(alky. benzene-co-maleic anhydride). uenzene co male 

IT-S^ T^ 65 ^ !°, rmin9 P ° ,y{a,kyl benze "e-co-maleic anhydride) polymers are well known to those skilled in the 
mer. ,! ° f * e from e| eotron donor monomers, such as styrene, and electron acceptor mono 

the T 35 3 r6SU,t ° f com P lexati ° n of the electron acceptor monomers may be carried Z Z 

TJTT k T ^ reSenCS ° f a " ° r9anic free radical initiato r in bulk, or in an inert hydrocarbon or Sogen 
ated hydrocarbon solvent such as benzene, toluene, hexane. carbon tetrachloride, chloroform, etc. (N.G GayloS 

LTro^ JT^ ° f P ° ,ymer SCienCe ' Part B ' 7 ' 145 < 1969 ) and Macromolecu.es. 2. 442 (1969)- A TaKahashl 
and N.G Gaylord. Journal of Macromolecular Science (Chemistry) A4 127(1970) 'aKahash. 
LT!L, Po, y<f ^' b enzeneco-maleic anhydride) polymers are prepared by reacting monomers of alkenylbenzene 
^JThT ^ " ^ Preferred a ' kenyl benZ6ne "vomers used for forming the po.y(a.ky. benzene-co maSc 
anhydnde) po.ymer are styrene or a-methy.styrene. Suitable, but less preferred substitutes a£ p-methytstyrene 4 

nSTlZ^SST^ °- methy,S,yrene - P-^-^tyrene. dimethylstyrene. and combiLons'thereof 
[0027] The poly(alkyl benzene-co-male.c anhydride) for use in the present invention is a polymer containing from 
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about 5 to 99 mole percent of maleic anhydride monomer with the remainder being alkyl benzene monomer The pre- 
ferred poly(alkyl benzene-co-maleic anhydride) contains from 20 to 50 mole percent of maleic anhydride monomer The 
TJ*"- f f red poly(alkyl benzene-co-maleic anhydride) for use in the present invention is polystyrene- co-maleic 
anhydr.de) containing 50 mole percent of maleic anhydride monomer and 50 mole percent of styrene monomer The 
comonomers. maleic anhydride and alkenyl benzene, can be randomly or alternatingly distributed in the chain how- 
ever, .t is preferred to have these comonomers alternating along the polymer backbone chain. 

[0028] The poly(alkenyl benzene-co-maleic anhydride) has a molecular weight range between about 1 000 and up to 
aboutSOO.000 or higher, more typically between about 10.000 and 500.000. and even more typically between about 
1 50,000 and 450.000. where the molecular weight is weight-average ("fv^ ") 

[0029] The poly(alkenyl benzene-co-maleimide) of the present invention is formed by reacting a poly(alkyl benzene- 
co-male.c anhydride) in the presence of a mono-primary amine at a temperature from about 1 00°C to about 300°C and 
at a pressure from about slightly above vacuum to about 20 atmospheres, under substantially dry conditions The reac- 
tants are preferably dry mixed in the absence of solvents in a suitable mixing apparatus such as a Brabender mixer It 
is preferable to purge the mixer with nitrogen prior to the charging of the reactants. The primary amine may be added 
m a singular charge or in sequential partial charges into the mixer containing a charge of poly(alkyl benzene-co-maleic 
anhydride). Preferably the primary amine is charged in ratio between 0.8 to 1.0 of moles of amine per monomer con- 
tributed units of maleic anhydride in the poly(alkyl benzene-co-maleic anhydride). 

[0030] Suitable primary amine include but are not limited to: alkyl amines; alkyl benzyl amines; alkyl phenyl amines 
alkoxybenzyl amines; alkyl aminobenzoates; alkoxy aniline; and other linear primary amines containing from 1 to 50 
carbon atoms, preferably 6 to 30 carbon atoms, in the alkyl and alkoxy substituents in these primary amines ft is under- 
stood that the alkyl and alkoxy substituents on the above discussed primary amines can be linear or branched prefer- 
ably l.near, and saturated or unsaturated, preferably saturated. Exemplary, but not exclusive of such amines are 
hexylamine. octylamine. dodecyfamine and the like. 

[0031] The poly(alkenyl benzene-co-maleimide). prior to grafting with maleated polypropylene preferably has a 
molecular we.ght range between about 1 ,000 and up to about 500.000 or higher, more typically between about 10 000 
and 500,000. and even more typically between about 1 50.000 and 450,000. where the molecular weight is weight-aver- 
age ("M w "). y 

[0032] The centipede polymer of the present invention may be prepared by any means well known in the art for com- 
b.n.ng such ingredients, such as blending, milling or internal batch mixing. A rapid and convenient method of prepara- 
tion comprises heating a mixture of the components to a temperature of about 50°C to about 290*0 
[0033] The centipede polymers of this invention are preferably manufactured by mixing and dynamically heat-treating 
the components described above, namely, by meft-mixing. As for the mixing equipment, any conventional generally 
known equipment such as an open-type mixing roll, closed-type Banbury mixer, closed type Brabender mixer extruding 
machine, kneader. continuous mixer, etc.. is acceptable. The closed-type Brabender mixer is preferable and mixing in 
an inactive gas environment, such as nitrogen or carbon dioxide, is also preferable. 
[0034] Grafting of maleated polypropylene and poly(alkenyl benzene-co-maleimide) is performed by addition of a 
grafting agent such as a polyamine. preferably an organic diamine, to a blend of maleated polypropylene and poly(alke- 
nyl benzene-co-maleimide) to partially cross-link the polypropylene to the poly(alkenyl benzene-co-maleimide) through 
the maleate functional groups. ' a 

<o [0035] Suitable organic diamines or diamine mixtures containing two aliphatically or cycloaliphatically bound primary 
ammo groups are used as grafting agents for the process according to the present invention. Such diamines include 
for example, aliphatic or cycloaliphatic diamines corresponding to the following general formula R^NH?)? wherein R,' 
represents an aliphatic hydrocarbon group having from 2 to 20 carbon atoms, a cycloaliphatic hydrocarbon group hav- 
ing from 4 to 20 carbon atoms, or an aromatic hydrocarbon group having from 6 to 20 carbon atoms or R- represents 
45 an N-heterocyclic ring having from 4 to 20 carbon atoms, e.g., ethylene diamine; 1 .2- and 1 ,3- propylene diamine- 1 4- 
diammobutane; 2.2-dimethyl-1.3-diaminopropane; 1 .6-diaminohexane; 2.5-dimethyl-2.5-diaminohexane; 1.6-diamino- 
2.2.4-tr.methyld.am.nohexane; 1 ,8-diaminooctane; 1 ,10-diaminodecane; 1.11-diaminoundecane; 1 . 1 2-diaminodo- 
decane; 1-methyl-4-(aminoisopropyl)-cyclohexylamine; 3-aminomethyl-3.5.5-trimethyl-cyclohexylamine 1 2-bis-(ami- 
nomethyO-cyclobutane; 1.2<fiamino-3.6-dimethylbenzene; 1.2- and 1.4-diaminocyclohexane; 1.2- 1 4-' 1 5- and 1 8- 
so diammodecahn; 1-methyl-4-aminoisopropyl-cyclohexylamine; 4.4--diamino-dicyclohexyl; 4.4-<fiamino-dicyclohexyl 
methane; 2.2-(b.s-4-am.no-cyclohexyl)-propane; 3,3'<limethyl-4.4-diamino-dicyclohexyl methane; 1 ,2-bis-(4-aminocy- 
clohexyl)-ethane; 3.3',5.5 -tetramethyl-bis-(4-aminocyclohexyl)-methane and -propane. 1.4 - bis-(2-aminoethyl)-ben- 
zene. benzidine; 4,4-thiodianiline, 3.3-dimethoxybenzidine; 2.4-diaminotoluene. diaminodrtolylsutfone 2 6- 
diam.nopyrid.ne; 4-methoxy-6-methyl-m-phenylenediamine; diaminodiphenyl ether; 4.4-bis(o-toluidine) o-phenylene- 
55 diamine; o-phenylenediamine. methylenebis(o-chloroaniline); bis(3.4-diaminophenyl)sulfone; diaminodiphenylsulfone 
4-chloro-o-phenylened.amine; m-aminobenzylamine; m-phenylenediamine; 4.4--C, -C 6 -dian.line such as 4 4 -methvl- 
enedian.lme; aniline-formaldehyde resin; and trimethylene glycol di-p-aminobenzoate. Mixtures of these diamines may 
also be used. 3 
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[0036] Other suitable polyenes for use as grafting agents in the process according to the present invention include 
b,s-(am,noalky.)-am,nes. preferably those having a total of from 4 to 12 carbon atoms e g bis-(2-am?noethvn Z 
ene Sne^lTr b f^ mi ^^ - »s-(6-aminohexy,)-amine. « £S "JSSSdSSJ 
5 Z~^Z B ~ e HeXamethy ' ene — hy,ene diamine, and especially 

me°Sps 0^ iP ^ Pr6ferred emb0diment the process for Paring the grafted polymer of this invention comprises 
suLsSnSv dfvT Hr ia " y T ilab ' e P ol ^ ,ken y |be ^ne-(coHma.e.c anhydride)] and a primary amine under 

~Xl~:^t^ react sub * antia,,y most of - acid ~ » «™ - 
dir^srs^ ma,eated po,ypropy,ene wrth the mass ° f step (A) under ^ «- 

» SS3 ;^ t 2Z£S c^ng" S (B) ' 3 ^ °* ""~ n "*« * *™ - 
(D) adding an extender oil to the final polymer of step (C) under conditions of agitation. 

SSJvi tSrmS , the Pr0C6SS PrSParin9 tHe 9rafted P ° ,ymer <* ,his inver, «°" comprises combining the 

» £ ofttT^t } With , the ,r? ated P*n«>P*n. and the grafting agent under conditions suff icient 

hJ n a TJ f m ' n ° r POrt '° n 01 the p °W a,ken y benzene-co-maleimide) onto the polypropylene Thus 

the grafted cent pede polymer composition of this invention will comprise the reaction product of the above describe? 
the Polygeny, benzene-co-maleimide) grafting agent and the ma.eated polypropylene The gra^ reS^s 
accomphshed by contacting the grafting agent and the pol y (alkeny. benzene-c^ma.eimide) with * m eateTS Zl 

25 Sl rt ?„tl eUP ° n | 'Tf ^ ^ ^ ' ink,n9 teke P,aC& the pr "™* groups 

25 reart to form covalent chem.ca. bonds (imide bonds) with the maleic moieties of the ma.eated^lypropy.ene and f Z 

5 Hr ^k 5 ' 3 p, ; OpO ^ i0n of aPP^imately one-half molar equivalent of grafting agent per molar equivalent 
of male,c mo.ety can be employed due to the drfunctionaiity of the grafting agent. The contectL can be accoXished 

orcZTZ 9 Ut '° nS °l P ° lym6riC r6aCtantS " Surtab,e so,vents ' such a * benzene. toLTe anToS tS 
aS C a ?r d h ' n0r9a , n,C S0 ^ entS - " 3 SUitab,e reaCti ° n VeSSe ' Under ^stantially anhydrous corxlitions Hea^g wiM 
accelerate the react-on and ,s generally preferred. More preferably commercially, the contacting can be accomSht, 
by prem.x,ng pre-formed peHets of the neat functiona.ized polymers and adding L grafting agemlnd 
. a P hys,ca. blender or mixer, such as a Brabender mixer or an extruder, at temperatures of from aoout alS 
35 about 350° C. preferably about 75° to about 300° C. and most preferably 20° C to about ^250°Tins°™ant thS 

Sn "ht inveX ^ ^ ^ Wdu0> the yi6 ' d ° f *» ***** ""£2- 

[0040] The amounts of poly(alkenyl benzene-co-maleimide) and maleated polypropylene reacted into the arafted 

ZSSZZT ZTT Var/ , S ° meWhat d8Pendin9 UP ° n 1,16 Pr ° pertes ^ * the flnS^mpo^ 
In general the amounts of maleated polypropylene included in the grafted composition may range from about 1 to about 

30 n^TZ 0 " ^ ^ ° f composi «°" ^ferred amounts of ma.eatei poly^ropyle^ from 1 to 

S , k We ' 9W W,th 3 Partcular| y prefOTed am °" n * being from 10 to 25 percent by weight The amounts 5 
E2S?3? benze "t C °' ma,aimide) C6ntipede P ° ,ytTier included in •» arafted composition may range from iouTgJ 
mm^t 50 PerC6nt b l W *** bBB8d °" tota ' W6i9ht <* ^Position. Preferred amounts of the centipede polyme^e 
from 99 to 70 percent by we,ght with a particular.y preferred amount being from 90 to 75 percent by weight 
£041] The cent,pede polymer gels of the present invention have an extender added to the prepared grafted copolv- 
S ^TT SUitabl6 6X,endere inC,ude extender oi,s and molecular weigW compo unds 7r com^- 

50 s ,ndude those we " ^ in ,he art such 35 naphthenic - aromatjc - d pi-«* sr. 

of mpLirT P,eS ^ ' OW m0 ' eCU,ar W6i9ht ° r9aniC com P° unds or components useful as extenders in the compositions 

In po ™n 'Tt" , are ' 0W m ° ,eCU,ar WeiQM ° r9aniC materia,s havi "9 a "umber-average molecular weZtofS 

to ^ ! • P H 6 6 k * ,m 1 ° 000 ' ^ mOSt Preferab,y l6SS 5 ' 000 - though there is no parti Ja?Hm?tatS 
^ to the matenal wh,ch may be employed, the following is a list of examples of appropriate materials: » mrta t'°n 

(1) Softening agents, namely aromatic naphthenic and paraffinic softening agents for rubbers or resins. 

(2) Plasticizers. namely plasticizers composed of esters including phthalic. mixed phthalic. aliphatic dibasic acid. 
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glycol, fatty acid, phosphoric and stearic esters, epoxy plasticizers, other plasticizers for plastics and phthalate 
adipate. sebacate. phosphate, polyether and polyester plasticizers for NBR; 

(3) Tackifiers. namely coumarone resins, coumarone-indene resins, terpene phenol resins, petroleum hydrocar- 
bons and rosin derivative; ' 

(4) Oligomers, namely crown ether, flourine-containing oligomers, polybutenes. xylene resins, chlorinated rubber 
polyethylene wax. petroleum resins, rosin ester rubber, polyalkylene glycol diacrylate. liquid rubber (polybutadiene' 
Styrene/butadiene rubber, butadiene-acrylonitrile rubber, polychloroprene. etc.). silicone oligomers, and poly-a-ole- 

(5) Lubricants, namely hydrocarbon lubricants such as paraffin and wax, fatty acid lubricants such as higher fatty 
acid and hydroxy-fatty acid, fatty acid amide lubricants such as fatty acid amide and alkylene-bis-fatty acid amide 
ester lubncants such as fatty acid-lower alcohol ester, fatty acid-polyhydric alcohol ester and fatty acid-polyglycol 
ester alcoholic lubricants such as fatty alcohol, polyhydric alcohol, polyglycol and polyglycerol, metallic soaps and 
mixed lubricants; and, ' 

(6) Petroleum hydrocarbons, namely synthetic terpene resins, aromatic hydrocarbon resins, aliphatic hydrocarbon 
resins, aliphatic cyclic hydrocarbon resins, aliphatic or alicyclic petroleum resins, aliphatic or aromatic petroleum 
resins, polymers of unsaturated hydrocarbons, and hydrogenated hydrocarbon resins. 

[0043] Other appropriate low-molecular weight organic materials include latexes, emulsions, liquid crystals bitumi- 
nous compositions, and phosphazenes. One or more of these materials may be used as extenders 
[0044] In accordance with the present invention, the grafted polymer containing gel composition of the present inven- 
tion may have added thereto at least about 1 . preferably 30 to 1 .000. parts by weight of extender per 100 parts by weight 
of the grafted copolymers Most preferred amounts of added extender include from about 50 to about 500 parts: of oil 
per 100 parts of grafted copolymer and ideally about 80 to about 300 parts of extender per 100 parts of grafted copol- 

T !™ ?7 9h K P6rCent rati ° ° f *° P 0, y alk V ene 9 rafted POlyOlkenyl benzene-co-maleimide) to the extender is from 
about 1 00: 1 to about 1 : 1 00. preferably 5: 1 to about 1 :5. 

[0045] The polymer gels produced according to the present invention generally have high damping properties having 
a tan 6 in the range of about 0. 1 to about 1 0. preferably higher than 0.3 over the temperature range of 30°C to 100»C 
and a Shore A hardness ranging from 0 to about 50. preferably about 0 to about 30. most preferably about 5 to 20 at 
about 20»C to 25°C or at room temperature The service temperature of the gels of the present invention is less than or 
equal to 100-C. for most of the polymers of the present invention, e.g.. 1 00°C compression set of the gel is about 50 
borne of the extended polymers of the present invention have a potential use up to 1 40"C 

[0046] It is frequently desirable to include other additives well known in the rubber art to the compositions of the 
present appltcation. Stabilizers, antioxidants, conventional fillers, reinforcing agents, reinforcing resins, pigments fra- 
grances and the l.ke are examples of some such additives. Specific examples of useful antioxidants and stabilizers 
include Z-^-hydroxy-S'-methylphenyl) benzotriazole. nickel dibutyldithiocarbamate, zinc dibutyl dithiocarbamate 
tns(nonyl P henyl) phosphite. 2,6-di-t-butyl-4-methylphenol and the like. Exemplary conventional fillers and pigments 
.nclude silica, carbon black, titanium dioxide, iron oxide and the like. These compounding ingredients are incorporated 
.n suitable amounts depending upon the contemplated use of the product, preferably in the range of 1 to 350 parts of 
additives or compounding ingredients per 1 00 parts of grafted copolymer. 

[0047] A reinforcement may be defined as the material that is added to a resinous matrix to improve the strength of 
the polymer. Most of these reinforcing materials are inorganic or organic products of high molecular weight Various 
examples include glass fibers, asbestos, boron fibers, carbon and graphite fibers, whiskers, quartz and silica fibers 
ceramic tibers. metal fibers, natural organic fibers, and synthetic organic fibers. Other elastomers and resins are also 
useful to enhance specrf ic properties like damping properties, adhesion and processability. Examples of other elastom- 
ers and resins .nclude adhesive-like products including Reostomer (produced by Riken-Vinyl Inc.). hydrogenated poly- 
styrene-(med.um or high 3.4) polyisoprene-polystyrene block copolymers such as Hybler (produced by Kurare he ) 
polynorbornenes such as Norsorex (produced by Nippon Zeon Inc.) and the like. In this case the foregoing materials 
are equally applicable to the present centipede polymer compositions. 

[0048] The gels containing oil or low molecular weight component extended and polypropylene compositions of the 
present invention may be prepared by any means well known in the art for combining such ingredients, such as solution 
blending, milling, internal batch mixing, or continuous extrusion of a solid form of the centipede polymer and polvoro- 
pylene compositions and the other ingredients. A rapid and convenient method of preparation comprises heating a mix- 
ture of the components to a temperature of about 50°C. to about 290°C. 

[0049] The gels containing oil extended grafted poly(alkenyl benzene-co-maleimide)-polypropylene compositions of 
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the present mvent.on can be manufactured by mixing and dynamically heat-treating the components described above 
namely, by melt-mixmg. As for the mixing equipment, any conventional, generally known equipment such as an open- 
type m.xmg roll, closed-type Banbury mixer, extruding machine, kneader. continuous mixer, etc. is acceptable The 
closed-type .s preferable, and mixing in an inactive gas environment, such as nitrogen or argon, is also preferable 
s [0050] The composition obtained using the manufacturing method of this invention can be molded with equipment 
conventionally used for molding thermoplastics ft is suitable for extrusion molding, calendar molding, and particularly 
injection molding. r 1 

[0051 ] The composition of the present invention can be mixed in any conventional mixer such as a Banbury mixer or 
roll mill or extruder normally conducted within the temperature range of about 120 °C to about 300 °C preferably main- 
w taming the composrt.on above its melting point for a few minutes up to several hours, preferably 10 to 40 minutes A par- 
ticularly useful technique is to add any fillers in the beginning of the mixing cycle in order to take maximum advantage 
of heating time and to prevent surface bleeding and overheating when forming the molded articles 
[0052] The resultant gel composition may be molded in appropriate press ovens and the like to form products in the 
form o extruded pellets, cut dices, preferably as small as possible since smaller pellets provide short heating times and 
is better flow when utilized in flow molding. Ground pellets may also be utilized. 

[0053] The extended grafted centipede polymers of the present invention can be used in high temperature applica- 
tions including uses in injection molding or in any other compositions typically used for elastomeric properties 
[0054] In summary, the molded polymers produced from the gels containing extended grafted polyfalkenyl benzene- 
co-male.m.de) and polypropylene compositions of the present invention retain elastomeric characteristics and are use- 
20 ful in high temperature applications and/or high damping applications. 

[0055] Damping is the absorption of mechanical energy by a material in contact with the source of that energy. It is 
desirable to damp or mitigate the transmission of mechanical energy from. e.g. . a motor, engine, or power source to its 
surroundmgs. Elastomeric materials are often used for this purpose. It is desirable that such materials be highly effec- 
tive in converting this mechanical energy into heat rather than transmitting it to the surroundings. It is further desirable 
that this damping or conversion is effective over a wide range of temperatures and frequencies commonly found near 
motors, automobiles, trucks, trains, planes, and the like. 

[0056] A convenient measurement of damping is the determination of a parameter called tan 6. A forced oscillation is 
applied to a material at frequency f and the transmitted force and phase shift are measured. The phase shift angle delta 
is recorded. The value of tan 6 is proportional to the ratio of(energy dissipated)/(energy stored). The measurement can 
be made by any of several commercial testing devices, and may be made by a sweep of frequencies at a fixed temper- 
ature, then repeating that sweep at several other temperatures, followed by the development of a master curve of tan 6 
vs. frequency by curve alignment. An alternate method .s to measure tan 5 at constant frequency (such as at 10 hz) 
over a temperature range. We have defined a thermoplastic unfilled material as useful for damping when tan 6 >~0 3 
over at least a 4 decade range, preferably a 6 decade range of frequency. 

[0057] It is further important that this high degree of absorption of energy be accompanied by good mechanical and 
thermal stab.lity, as the part prepared from the subject polymers will be cycled through various environments and 
repeatedly such to various forces of compression, tension, bending, and the like. 

[0058] The compositions of the present invention are favorably used in the manufacturing of any product in which the 
following properties are advantageous: a high degree of softness, heat resistance, decent mechanical properties elas- 
ticity and/or high dampmg. The compositions of the present invention can be used in all industry fields in particular in 
the fabrication of automotive parts, tire tread rubbers, household electrical appliances, industrial machinery, precision 
instruments, transport machinery, constructions, engineering, and medical instruments 

[0059] Representative examples of the use of the extended graft polymers of the present invention are in the fabrica- 
te of damping materials and vibration restraining materials. These uses involve connecting materials such as sealing 
matenals, packing, gaskets and grommets. supporting materials such as mounts, holders and insulators and cushion 
matenals such as stoppers, cushions, and bumpers. These materials are also used in equipment producing vibration 
or no.se and household electrical appliances, such as in air-conditioners, laundry machines, refrigerators electric fans 
vacuums, driers, pnnters and ventilator fans. Further, these materials are also suitable for impact absorbing materials 
in audio equipment and electronic or electrical equipment, sporting goods and shoes. Further, as super low hardness 
rubbers these materials are applicable for use in appliances, damping rubbers, and as low hardness plastics and it is 
preferable for molding materials. Further, because the present compositions can be used to control the release of inter- 
nal low molecular weight materials out from the compositions, it is useful as a release support to emit materials such 
as fragrance materials, medical materials and other functional materials. The compositions of the present invention also 
possess utility in applications of use in liquid crystals, adhesive materials and coating materials 
55 [0060] Specific examples of uses of the compositions of the present invention as damping materials are as follows: 

in audio equipment, such as in insulators for a portable CD or a CD mounted on a vehicle, mike holders for home 
video cassette recorder, radio cassette recorder, karaoke or handy mike. etc.. an edge cone of a speaker, a tape 
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holder of a radio cassette, a holder of a portable mini-disk player, an optical disk holder of a digital video disk etc 
jn '"formation relating equipment, such as in insulators for a hard disk, insulators for motors such as a spindle motor 
Z!^Z£S£ ^ inSU,at ° rS ^ f ' 0PPy driVa inSU,at ° rS f ° r C °- ROM ° f P«— -d°a 
in communication equipment, such as in a holder for compact high performance mike or speaker of a portable t*. 
tronrciu^m; HSamikeh ° W 

or CD^Zr^TrT' SUCh 35 " ' n !! Jlat0rS for CD - R ° M ° f h ° me ™ 9ame ' insulators for 

or CD ROM of cassette holder or game machine, a holder of high performance mike, and cone edge of speaker; 

lerTmaH SlT? " * ** P " nter ^ ° f 3 "°*P™essor. printer of persona, compu- 

ter, small or m,ddle handy type pnnter. or name printers, and insulators for CD-ROM used for measure equipment. 

[0061] In the following, the present invention will be described in more detail with reference to non-limitative examoles 

m g SET" examples and tab,es are presented for purposes of il,ustration on * and are not * * coS^Tn Tim; 

Example 1 

Preparation of the Centipede Polymer 

5o°S, ^ n .h r0a6n P "T i Brabender mixer (~ 310 9ram capacity) equipped with a Banbury blade was initially set to 
30 rpm and the temperature was set to 80 X. The mixer was then charged with 1 50 g of polyWene-a/r-mateic anhv 

^TSlTlZ?^ 0 ^ C ° mPany ° f 1001 W6St Saint Pau ' Avenue. Mi^uKw. Ca^Ser 
5 2nl f ♦ 9011 : 13 - 6 X M n = 350 00 °) 96 g of octylamine (obtained from Aldrich. 99% purity) After 

m '2f^n V ,,nU ° US m,Xm9> the miX,Ure WaS a,lowed to heat °P at a rate 4 °C/min Once the temperature 
reached 150 "C. agitation was discontinued. When the temperature reached 210 »C. the heating IZTJasTet Z Zo- 

60 ST "? a9 '. ta,i0n ^ a93in 3t 3 SP6ed ° f 70 rpm and ™9 continued for an ad^ ona. 

"C XtT? °! 5! ^ T h W8S tUmed °* ^ thS P0 ' ymer maSS Wrthin the mixer was emitted to 
It thTremo!L Lmthe mil ^ ^ ^ ^ ^ ^mer product mass 

[0063] IR absorption peaks characteristic of the polymer mass were noted at 705 cm" 1 , 1 701 cm" 1 1 770 cm 1 2855 

Z aS 22 T* ^ rati ° ° f intenS ' ,ieS ^ ° bSerVed 3t 12926 ,0 = ° 55 T 9 was estimat Jto be at 50X 
The acd value of the polymer was 0.180 meq./gram using the NaOH titration method in a tetrahydrofuran solution 

Example 2 

Grafting of the Centipede Polymer and Maleated Polypropylene 

rom and KS^tZJ^ 9 "* "^T^ ( ~^° 9 """"^ equ *" ad With 3 Banburv Wade was »"»■* — to 60 
rpm and 195 C. The m.xer was then charged wrth 36.6 g of commercial maleated poypropylene (from the Exxon Chem 

£ ^T^XthTmL^ 1015 ! ^ 6 ^ 3 Char9S 01 145 ^-entipide pZ?££?£ 
hS„A ^ ^ T 6 PO ' ymer5 Were agitated for an additional 10 minutes. A charge of 1 6 g of 

^ i,r n6 i!° m AWnCh ' PUrfty = 98%) W3S ,hen added - and at the sa ™ time the agitation speed was read 
SSL r r 6 miOUteS 11,6 ° f ^ miX6r ' nCreaSed and the a 9 rtatio " =P^ -s agafn Ssti ?o 
ZZJZS " T" 19 ^ 60 ,W 8 minUteS - the neatin 9 elemerrt of * he was turned off and thelg 0 - 

F a n»n ^f. Tlr* r6ad)USted t0 40fpm The miXtUre WaS Permrtted to «»' *° about 1 60 »C at a rate of 4 »C/mfn 
F.nally. ag.tat.on was d.scont.nued and the grafted polymer product was removed from the mixer. 

Example 3 

[0065] A charge of 1 5 g of the grafted polymer product of Example 2 was added to a Brabender mixer (50 a caoacitv) 
egupped wrth a roller blade The mixer was initially se, to 50 »C and 20 rpm. A charge of 1 7.7qWSSS?)S22 

1 60?C i°d IS? added J° ^ C ° ntente " ^ ^ Aft6r 5 minUteS ' the temperature oT the mixer was resJuo 
f ™ . a9ltat, ° n SPe6d W3S rSSet to 70rpm After 105 minu tes of continuous mixing another charoe of 17 S o 

aortation £T ^ t0 , the ^° nt ! n ^ ° f 1,16 ThS materia ' WaS ^ mixed *A! mTutes at 90 rpm T^e 
agitation was then discontinued and the product was removed from the mixer. 
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Example 4 
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[0066] A charge of 15 g of the grafted polymer product of Example 2 was added to a Brabender mixer (50 g capacity) 
equwed with a roller blade. The mixer was initially set to 80 °C and 20 rpm. A charge of 1 7.7 g of DTDP oil was slowly 
added to the contents of the mixer. After 8 minutes, the temperature of the mixer was reset to 1 60 »C amd the agitation 
Tr^i Til ° ? TP T . After 12 minUt6S an addi,i ° nal ^ 9rams the 9 rafted P°'y mer P«*ua of Example 2 was 

toSoH wTs^ f V" "! ^ 108 minU,6S ° f COntinU ° US mixi " 9 - a char 9 e of 17 8 9 of Phosphate 
(TOP) o.l was added to the contents of the m.xer. The material was then further mixed for 195 minutes at 90 rpm The 
agitation was then discontinued and the product was removed from the mixer 

[0067] The products were thereafter molded into sheets and cylinder buttons at- 155»C Ring samples were cut from 
these sheet for tensile measurements. The details of their physical properties are listed in the following Table 1 • 
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Table 1 



Exam- 
ple No. 



Polymer 
used 



Example 2 



Example 2 



Oil Type 
(Weight %) 



DTDP (70%) 



DTDP-TOP 
(67%) 



PP/ Centi- 
pede-C 8 
(wt. ratio) 



20/80 



20/80 



C.S. 1 (100 °C) 



878 



654 



Tb/Eb (psi/%) 



21/193 



Tan 6 (-10, 20, 
45°C) 



0.78, 0.60, 0.58 



0.54, 0 51, 0.45 



Shore A 
hardness 
(25°C) 



0-2 



0-2 



1 The Compression Set (C.S.)was measured based on conditions of ASTM D395-89, except that the sample size and dis- 
placement were changed as follows: Sample height - 0.5 inches: Sample diameter - o 55 inches 

Displacement - Sample is compressed to 0.375 inches and stored in an oven at 1 00*C (or at 1 50°C in subsequent examples) 
for 22 hours. The sample is removed from the oven, the stress on the sample is relieved, the sample is stored at room tem- 
perature for 30 minutes and the recovery of the sample is measured as the final sample height as X in 
Compression Set = ((0.5 - X)/(0.5-0.375)) x 1 00% . 
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A method for the formation of a high damping centipede polymer, comprising: 

reacting from about 50 wt% to about 99 wt% of a poly(alkenyl benzene- co-maleimide) and about 1 wt% to 
about 50 wt% of a maleated polyalkylene and from about 0. 1 to about 1 0 wt% of a diamine under substantially 
dry conditions sufficient to form a polyalkylene grafted poly(alkenyl benzene-co-maleimide) centipede polymer. 

The method of claim 1. further comprising the step of: mixing said polyalkylene grafted polyfalkenyl benzene-co- 
maleimide) centipede polymer with an extender oil in an amount sufficient to from a gel. 

The method of claim 1 , further comprising the step of: mixing about 10 wt% to about 90 wt% of said polyalkylene 
grafted poly(alkenyl benzene-co-maleimide) centipede polymer with about 90 wt% to about 10 wt% of an extender 
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5. 



The method of claim 1, wherein the alkenylbenzene contributed monomer units of said poly(alkenyl benzene-co- 
maleimide) is selected from the group consisting of: styrene. a-methylstyrene. p-methylstyrene. 4-phenylstyrene 
m-methylstyrene, o-methylstyrene. p-tert-butylstyrene. dimethylstyrene. and mixtures thereof. 

The method of claim 1 . wherein the alkylene contributed monomer units of said maleated polyalkylene is selected 
from the group consisting of ethylene, propylene and mixtures thereof 

The method^ ciaim 1 wherein the maleimide contributed monomer units of the poly(alkenyl benzene-co-maleim- 
ide) is formed by the reaction of maleic anhydride and a primary amine 

The method of claim 6 wherein the primary amine is selected from the group consisting of: alkyl amines; alkyl ben- 
zyl amines, alkyl phenyl amines; alkoxybenzyl amines; alkyl aminobenzoates; and alkoxy aniline; containing from 
1 to 50 carbon atoms in the alkyl and alkoxy substituents in the primary amine. 
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8. The method of cla.m 1 wherein said diamine is selected from the group consisting of: aliphatic or cycloaliphatic 
diamines corresponding to the following general formula: R 1 (NH 2 ) 2 wherein R, represents an aliphatic hydrocar- 
bon group havmg from 2 to 20 carbon atoms, a cycloaliphatic hydrocarbon group having from 4 to 20 carbon atoms 
or an aromatic hydrocarbon group having from 6 to 20 carbon atoms or R, represents an N-heterocyclic ring having 
from 4 to 20 carbon atoms. y 

9. The method of claim 1 wherein said diamine is selected from the group consisting of: ethylene diamine: 1 .2- and 
1.3-propylene d.am.ne; 1.4-diaminobutane: 2.2-dimethyM.3-diaminopropane; 1 .6-diaminohexane: 2.5-dimethyl- 
2.5-d.am.nohexane; 1 ,6-diamino-2.2.4-trimethyldiaminohexane; 1 .8<iiaminooctane; 1,10-diaminodecane 111- 
drammoundecane. 1.12<iiaminododecane; 1-methyl-4-(aminoisopropyl)-cyclohexylamine: 3-aminomethyl- 3 5 5- 
tr.methyl-cyclohexylamine; 1.2-bis-(aminomethyl)-cyclobutane; 1 .2-diamino-3.6-dimethylbenzene 12- and 14- 
diamrnocyclohexane: 1.2-: 1.4-; 1,5- and 1.8-diaminodecalin; l-methyt-4-aminoisopropyl-cyclohexyiamine; 4 4'- 
d.ammo-d.cyclohexyl; 4,4'-diamino- dicyclohexyl methane; 2.2 -(bis-4-amino-cyclohexyl)-propane 3.3<iimethyl- 
4 4 -d.ammo-d.cyclohexyl methane; 1 .2-bis-(4-aminocyclohexyl)-ethane. 3.3'.5.5'-tetramethyl-bis-(4-aminocy- 
clohexyl)-methane and -propane; 1.4 - bis-(2-aminoethyl)-benzene; benzidine; 4.4--tniodianiline. 3.3-dimethoxy- 
benz.d,ne; 2.4-d.aminotoluene. diaminodrtolylsulfone; 2.6-diaminopyridine; 4-methoxy-6-methyl-m- 
phenyened.am.ne; diaminodiphenyl ether; 4.4-bis{o-toluidine); o-phenylenediamine; o-phenylenediamine 
metnyleneb.s(o-chloroaniline) ; bis(3.4-diaminophenyl)sulfone: diaminodiphenylsulfone; 4-chloro-o-phenylenedi - 
f m ' ne w' 7 r!? 1,n0benZy,amine: rn -P hen y ,en ed i a^ne; 4.4--C 1 -C 6 -dianiline such as 4.4'-methylenedianiline aniline- 
formaldehyde resin; trimethylene glycol di-p-aminobenzoate; bis-(2-aminoethyl)-amine. bis-(3-aminopropyl)- 
amine. b.s-(4-am.nobutyl)-amine; bis-(6-aminohexyl)-amine. isomeric mixlures of dipropylene triamine and dibutv- 
lene triamine; and mixtures thereof. y 

10. A high damping centipede polymer gel composition, comprising: 

a polyalkylene grafted polytalkenyl benzene-co-maleimide) comprising from about 50 wt% to about 90 wt% of 
a poly(alkenyl benzene-co-maleimide) and about 10 wt% to about 50 wt% of a maleated polyalkylene and from 
about 0.01 to about 10 wt% of a diamine, and 

30 a" extender in an amount sufficient to form a gel. 

11. The centipede polymer gel composition of claim 10 wherein the weight percent ratio of said polyalkylene grafted 
poly(alkenyl benzene-co-maleimide) to said extender is from about 100:1 to about 1 :100. 
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The centipede polymer gel composition of claim 10. wherein the monomer for forming the alkenyl benzene moiety 
of sa«d poly(alkenyl benzene-co-maleimide) is selected from the group consisting of: styrene. a-methylstyrene p- 
methytetyrene. 4-phenylstyrene, m-methylstyrene. o-methylstyrene. p-tert-butylstyrene, dimethylstyrene and mix- 
tures thereof 

13. The centipede polymer gel composition of claim 10, wherein the monomer for forming the alkylene moiety of said 
maleated polyalkylene is selected from the group consisting of ethylene, propylene and combinations thereof. 

14. The centipede polymer gel composition of claim 10. wherein said diamine is selected from the group consisting of 
ethylene diamine; 1.2- and 1.3- propylene diamine; 1.4-diaminobutane; 2.2-dimethyl-1,3-diaminopropane 1 6- 
diaminohexane; 2.5<iimethyl-2.5-diaminohexane; 1.6-diamino-2.2.4-trimethyldiaminohexane 1 SKtiaminooctane 
1,10-d.ammodecane; 1.11-diaminoundecane; 1.12-diaminododecane; 1-methyl-4-(aminoisopropyl)-cyclohexy- 
temme; 3-am.nomethyl- 3.5.5-trimethyl-cyclohexylamine: 1.2-bis-(aminomethyl)-cyclobutane 1 2-diamino-3 6- 
dimethylbenzene; 1.2- and 1.4-diaminocyclohexane; 1.2-; 1.4-; 1.5- and 1,8<liaminodecalin; 1 -methyl-4-aminoiso- 
propyl- cydohexylamine; 4.4-diamino-dicyclohexyl; 4.4-diamino-dicyclohexyl methane- 2 2-(bis-4-amino- 
cyclohexyO-propane; 3.3^imethyl-4,4Kliamino-dicyclohexyl methane; 1.2-bis-(4-aminocydohexyl)-ethane 

1 m6t yl " b,S " (4 " aminOCyClohexyl) " me,hane and -P ro Pa n e: 1 - 4 - bis-(2-aminoethyl)-benzene benzidin e : 
4.4-th,od.an.l.ne. 3.3--dimethoxybenzidine. 2.4-diaminotoluene. diaminoditolylsulfone; 2.6-diaminopyridine 4- 
methoxy-6-methyl-m-phenylenediamine; diaminodiphenyl ether; 4.4--bis(o-toluidine); o-phenylenediamine o-phe- 
nylened.am.ne. methylenebis(o-chloroaniline); bis(3.4-diaminophenyl) S ulfone; diaminodiphenylsulfone 4-chloro- 
o-phenylened.am.ne; m-aminobenzylamine; m-phenylenediamine; 4.4'-C r C 6 ^ianiline such as 4 4-methylenedi- 
an.l.ne. an.l.ne-formaldehyde resin; trimethylene glycol di-p-aminobenzoate; bis-(2-aminoethyl)-amine bis-{3-ami- 
nopropyl)-am.ne. bis-(4-aminobutyl)-amine; bis-(6-aminohexyl)-amine. isomeric mixtures of dipropylene triamine 
and dibutylene triamine; and mixtures thereof. 
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15. The centipede polymer gel composition of claim 10. wherein the ge. has damping properties having a tan 6 in the 
range of about 1 to about 0.10 over the temperature range of- 10 °C. to 100 °C. 

16 - FJZSZSEZ % to 2 Tc ition of c,aim 10 ' where,n the 9el has a Shore A hardness *™ o 

17 ' J i C SS2S5S5 l . ^J mP ° Siti0n * C ' aim 1 °- Wh6rein the 9 el has a Sh °'* A hardness ranging from about 0 

18 ' h!T nr e rImST ^ ,ymer °f r eom P° sitton of claim 10 - compris.ng from 1 to 350 parts of a inorganic filler, addi- 

t,ve or compounding ingredient based on 100 parts by weight of the grafted copolymer composition component. 

19. The centipede polymer gel composition of claim 10. wherein the extender is at least one compound selected from 
the group con S ,stmg of: softening agents, plasticizers. tack* iers. oligomers, lubricants, petroleum hydrocarbons sil- 
icone oil. aromatic oil. naphthenic oil and paraffinic oil 'yorocaroons. sn 

20. A centipede polymer composition, comprising: 

a polyalkylene grafted poly(alkenyl benzene-co-maleimide) comprising from about 50 wt% to about 99 wt% of 
a poly(alkenyl benzene-co-maleimide) and about 1 wt% to about 50 wt% of a maleated polyalkylene and from 
about 0. 1 to about 1 0 wt% of a diamine. 

21 ' C T?T ^IT* COmpOS, ' tion of daim 20 - wherein the monomer for forming the alkenyl benzene moiety of 
mlS* T b h enzane - c °- ma,eimid e) * Elected from the group consisting of: styrene a-methy.styrene p 
tTres rnS 8 ' 4 " Pheny ' Styrene ' -^^thylstyrene. o-methy.styrene. p-tert-buty.styrene. dimethylstyrene and mix- 

22 mi^' P ^ e ,K ymer C0 7 O s*° n of claim 20 - Wherein «he monomer for forming the alkylene moiety of said 
maleated polyalkylene ,s selected from the group consisting of ethylene, propylene and combinations thereof 

23. The centipede polymer composition of claim 22. wherein said diamine is selected from the group consisting of eth- 
ylene diamine. 12- and 1.3- propylene diamine: 1 .4<iiaminobu1ane; 2.2-dimethyM.3-diaminopro P ane 1 sSiami- 
nohexane; 2.5^,methy1-2.5-diaminohexane : 1 .6-diamino.2.2.4-trimethy^diaminohexane: 1 .SKiiaminooctane mTo - 
d.aminodecane; 1.1 1-d.ammoundecane; 1 ,12-diaminododecane: 1-methyl-4-(aminoisopropyl)-cyclohexylam'ine 3- 
aminomethyl- 3.5 5-trimethyl-cyc.ohexy.amine: l.2-bis-(aminomethy.)-cyclobutane: l.?^n£2SS££ 
ItrLl ^^-nocyclohexane: 1.2-: 1.4-; 1.5- and l.SKiiaminodecalin; 1 -methyl-4-aminoisopropyf- 

2 cl °^am.ne. 4 , .d*m,no<i,cyc.ohexyl; 4.4<!iamino-dicyc.ohexy. methane; 2. 2 -<bis-4-amino-cyc.ohexy»- P ra- 
pane^ 3.3 -dime hyl-4.4 <J,am,no<i l cycloh e xyl methane; 1.2-bis-(4-aminocyclohexyl)-ethane; 3.3 .5,5 -tetramethyl- 
T™™^ ^ " PrOPane: M " bis-(2-aminoethy.)-benzene : benzidine; 4.4Mhic*Ln1ine 

nh^rn^ 6 " 2 ^ 81 2 ^ d,am,notoluene - diaminoditolylsulfone; 2.6-diaminopyridine; 4-methoxy-6-methyl-m: 
phenyened.am.ne d.am.nod ip henyl ether; 4,4-bis(o-toluidine); o-pheny.enediamine; o-phenylenediamine 
methy.eneb,s(o-chloroani.ine); bis(3.4-diamino P henyl)sutfone; diaminodiphenylsulfone; 4-ch.oro oXnyten^ 
^12:rT nZy ^ , m -P he 7 ,enediami "e: 4.4-- Cl -C 6 -diani,ine such as 4.4-methylenedianLe; aniline- 
formaldehyde resin; tnmethylene glycol di-p-aminobenzoate; bis-(2-aminoethyl)-amine. bisK3^minopropyO- 

^'"T* ^--^^ amine. isomeric mixtures of dipropy.ene triamine an2 - 
lene triamine; and mixtures thereof . y 
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